Most acceleration diagrams show high levels of unpredictability, as a result, it is the best to avoid using diagrams of earthquake acceleration spectra, even if the diagrams recorded at the site in question. In order to design earthquake resistant structures, we, instead, suggest constructing a design spectrum using a set of spectra that have common characteristics to the recorded acceleration diagrams at a particular site and smoothing the associated data. In this study, we conducted a time history analysis and determined a design spectrum for the region near the Lali tunnel in Southwestern Iran. We selected 13 specific ground motion records from the rock site to construct the design spectrum. To process the data, we first applied a base-line correction and then calculated the signal-to-noise ratio (RSN) for each record. Next, we calculated the Fourier amplitude spectra of the acceleration pertaining to the signal window (1), and the Fourier amplitude spectra of the associated noise (2). After dividing each spectra by the square root of the selected window interval, they were divided by each other (1 divided by 2), in order to obtain the RSN ratio (filtering was also applied). In addition, all data were normalized to the peak ground acceleration (PGA). Next, the normalized vertical and horizontal responses and mean response spectrum (50%) and the mean plus-one standard deviation (84%) were calculated for all the selected ground motion records at 5% damping. Finally, the mean design spectrum and the mean plus-one standard deviation were plotted for the spectrums. The equation of the mean and the above-mean design spectrum at the Lali tunnel site are also provided, along with our observed conclusions.
Introduction
The construction of the Lali tunnel was executed in the Khuzestan Province of Southwestern Iran. The tunnel is located near Lali County and the cities of Shushtar, MasjedSoleiman and Dezfoul. Because the current road connecting MasjedSoleiman and Lali is flooded due to the impoundment of water in the Upper Gatvand Dam, a new road is being constructed between these two towns that makes use of the Lali tunnel.
The Lali tunnel has three sections: two eastern sections (tunnels 1 and 2) and one western section (tunnel
Geology of the study region
The Lali tunnels are located within the Mishan formation, which is mostly composed of marl. The tunnel system has an approximate strike of 300
• (tunnel 1 has little curvature), which is almost consistent with the existing bedding in the region. The bedding is composed of shale, marl and calcareous sandstone units. The thickness of the bedding and the varying erosional resistance of the units have resulted in fractional erosion. As a result, the more resistant sandstone units have an elevated morphology when compared to the less resistant shale and marl units (Mpradpouri and Mojarab, 2012) . 
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Figure 1
Map showing the location of the Lali tunnel.
Soil type at Iran's ground motion recording stations
To determine the wave acceleration at specific sites, shear wave velocities recorded at nearby stations were used to estimate the ratio of horizontal component to vertical component (F HV ) and to calculate the fundamental soil frequency at individual sites. This allows for the calculation of the spectral ratio (F HV ) of the horizontal component with respect to the vertical component. Values corresponding to the horizontal component of the shear wave velocity are generally highest, followed by values of the amplitude of the compressive waves, which are, in turn, higher than values corresponding to the vertical component of the shear waves (Horike et al., 20002) . If these waves enter into a new environment with physical properties differing from the bedrock (at a different shear wave rate), they will undergo a large change in frequency and amplitude. Therefore, use of a spectral ratio can give an indication of the resonance function at the site in question. To calculate the spectral ratio, the mean Fourier spectra of the smoothed horizontal components of the acceleration are divided by the vertical components obtained by the same method. If S H1 (f ) and S H2 (f ) are the Fourier amplitude spectra of the horizontal components of the acceleration, S V (f ) is the Fourier spectrum of the vertical component of the acceleration, and T H1 , T H2 , and T V are the time windows for the aforementioned horizontal and vertical components of the acceleration, respectively, then the spectral ratio is equal to:
By researching and identifying soil types from several of Iran's ground motion recording stations, Zaré (1999) was able to divide station soil types into four groups based on shear wave velocity and resonance frequency (H/V). These groups are classified as soil types 1 through 4, with type 4 soils characterized as the least resistant (Table 1) 
Seismogram selection
In order to successfully extract design spectra, researchers require one or more suitable ground motion records, which are representative of bedrock and of the Earth's surface (Mhraz, 1980) . In this section, ground response spectra are prepared to investigate ground motion acceleration in different periods (T (s)). These spectra are prepared based on ground motion recording data associated with some of the relatively large-scale earthquakes that have occurred in Iran and according to characteristics of the extensive seismic sources being studied.
To select appropriate ground motion records, we focus on four data characteristics: (1) target magnitude, (2) the distance of the seismic source to the ground motion recording station, (3) the earthquake mechanism, and (4) the geological conditions. Using the above criteria, we adjust the characteristics for the individual site specifications . Below, we list a number of ground motion records, including their statistical response spectra (Table 2) . 
Processing
All of the selected ground motion records (Table  2 ) have a signal to noise ratio greater than 3. During processing, we start with a base-line correction for each seismogram. Next, to calculate the signal-to-noise ratio of the ground motion record (R SN ), we divide the signal (S(f )) and noise (N (f )) windows obtained by the Fourier amplitude spectrum analysis by the square root of the window time-scale (Boore, 2001 (Boore, , 2002 . The two resulting values are then divided to give:
where, f S (t S ) is the Fourier amplitude spectrum of the selected window, and f N (t N ) is the spectrum of the selected noise window. t S and t N are the times associated with the signal and noise windows, respectively. This process is performed after smoothing the Fourier spectra using a smoothing function developed by Konno and Ohmachi (1998) , in which the appropriate amplitudes (when the signal-to-noise ratio is greater than the threshold value, e.g. 3) are included and smoothed in all frequencies. When we set a threshold for the signalto-noise ratio of 3, the frequency level at which the R SN spectral amplitude goes beyond this limit is referred to as the high-pass filter frequency. When the spectral amplitude is smaller than this limit, it is referred to as the low-pass filter frequency, expressed as:
The extent of smoothing in the present study is 0.4. Fourier amplitude spectra are also used to display the frequency band of the signal-to-noise spectrum range. Based on the Fourier amplitude spectrum of acceleration which was presented by Brune (1970) , the form of the spectra is compared before and after filtering.
Design spectra
It is important to properly select response spectra in order to generate desirable design spectra (Seed et al, 1976 ). Because there is significant variation in earthquake ground motion data, absolute response spectra should not be used. Likewise, before statistical calculations can be performed, data must be normalized with peak ground acceleration (PGA) values. Using statistical calculations, the mean and standard deviation of the spectral responses within a certain period are determined. When the width of a design spectrum is equal to the mean, it is referred to as the mean response spectrum (mean = 50%). Alternatively, when the width is equal to the mean plus one standard deviation (σ=0.84), a spectrum is referred to as an abovemean design spectrum (Hall et al., 1975; Mohraz et al., 1972) .
In order to obtain normalized response spectra, response spectrum values for each component of the ground motion data are divided by the peak ground acceleration of the recorded component (Figures 3 and  4) . These normalized response spectra are classified according to the geology at each station. Next, the mean and mean plus one standard deviation spectra for each soil type are obtained, with a damping of 5% (Figures 5  and 6 ). For ordinary structures, it is sufficient to accept ground motion parameters and reflection spectra that are close to the average values obtained from the existing statistical information in the region (mean with 50% confidence). For more important structures like dams and nuclear power plants, the earthquake data selected for use in the design spectra should be within the mean plus one standard deviation of the set of existing data for the region. 
T/s
Response acceleration
Figure 5
Mean response spectrum (50%) and mean plus one standard deviation (84%), normalized into PGA for the horizontal component with 5% damping.
T/s
Response acceleration Figure 6 Mean response spectrum (50%) and mean plus one standard deviation (84%), normalized into PGA for the vertical component with 5% damping.
The response spectra represent the maximum ability of a structure to withstand a particular earthquake for a given degree of freedom. On the other hand, the smoothed design spectrum is characterized of the force (F ) or displacement corresponding to the period (T ) and the damping ratio. However, in some cases, the shape of the two spectra is identical. This conceptual difference should be taken into account. As a result, appropriately smoothed spectra are usually defined for design and evaluation purposes. These spectra are termed design response spectra. They do not represent the particular acceleration response from a single ground motion time-history, but rather, they are intended to be more representative of the general characteristics for a reasonable range of expected ground motions at a given site (Julian and Elnashai, 1999) .
Values of the normalized design spectra for the horizontal and vertical components of the acceleration (PGA) at 5% damping are calculated based on ground motion data processing and response spectra estimation. In Figures 7 through 10 , mean design and mean plus one standard deviation are obtained for the horizontal and vertical components, respectively.
Figure 7
Mean design spectrum (50%) for the horizontal component with 5% damping.
T/s
Response acceleration Figure 8 Mean design spectrum (50%) for the vertical component with 5% damping.
Response acceleration Figure 9 The above mean design spectrum (84%) for the horizontal component with 5% damping.
Figure 10
The above mean design spectrum (84%) for the vertical component with 5% damping.
Conclusions
The sites used in this study were categorized as either rock or hard soil and 13 records were processed accordingly. The response spectra of these records were calculated with 5% damping of the horizontal and vertical components of the ground motion data. The values were then normalized into PGA and weight averaged. Afterwards, the maximum mean and above-mean spectral acceleration for the two vertical and horizontal components were obtained, as well as the design spectrum for the mean and dominant periods, which are presented in Table 3 .
Because the accuracy of the recorded ground motion data used in this type of study can differ significantly (from a F SN ratio point of view), each applied record has to be corrected using signal-to-noise calculations. As a further precaution, data with a signal-tonoise ratio of less than 3 should be eliminated for calculation and estimation of the attenuation relationship model.
Processing of recorded ground motion data should be performed with special care and by calculating highand low-pass frequency bands. Otherwise, inappropriate corrections (without calculation of the usable signal frequency band) result in the loss of existing signals and excessive noise. For a given period of 0.1 to 0.5 s with regard to the mean spectra and 0.06 to 0.6 s for the above-mean spectra, spectral values will be greater than those specified in the Code of Practice 2 800 for the area in question. Therefore, we suggest a further investigation of the reflection spectra corresponding to the code of practice within these time periods. 
